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Abstract  external circuits, especially if we want to consider the loss 
The gymtron backward-wave oscillator (gyro-BWO) is 
sensitive to external reflections because it employs a non- 
resonant interaction structure. These reflections may result in 
serious output power variations and ragged frequency tuning. 
A numerical model is developed for the investigation of the 
reflection effects. It treats beam-wave interactions in the 
presence of extemal reflections. As a hybrid feature of the 
formalism, external reflections are self-consistently determined 
by the structures, rather than artificially set as a constant value 
as in previous models. The model has been employed to 
effect in the externalcircuit. 
In the study, a numerical model is developed for the 
investigation of the reflection effects. It treats bean-wave 
interactions in the presence of extemal reflections. As a hybrid 
feature of the formalism, external reflections are self- 
consistently determined, rather than artificially set at a constant 
value as in previous models. The model has been employed to 
examine the reflection effects on the tunable bandwidth of the 
gyro-BWO, and showed the resonance in the extemal circuit is 
the major cause of the ragged tuning. 
examine the effects of external reflections on thk &able 
bandwidth of the gyro-BWO, and showed the resonance in the 
external circuit is the major cause of the ragged frequency 
tuning. 
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The analysis addresses the effect of external reflection on 
the tunability of gyro-BWO. In the study, gyro-BWO is 
modeled bv the confieuration. which is an interaction section 
Introduction connected-by an extended section at upstream end. The 
Gyro-BWO is a frequency tunable version of the gymtron. 
Oscillations build up via the elemon cyclotron maser 
interaction in an internal feedback loop comprised of the 
forward moving electron beam and a backward propagating 
wave. The tunability by varying the magnetic field or beam 
voltage is the most important feature ofgyro-BWO. 
Recently, it has been shown that the axial field profile 
wntracts nonlinearly, which results in stable operation at 
currents orders-of-magnitude higher than the start-oscillation 
current [I,Z]. Further studies reveal that stationary and 
nonstationary states altematingly appear as the beam current 
rises [3,4]. Excitation of high order axial modes has been 
suggested as a possible cause of the nonstationary behavior. 
However, unbalanced beam energy deposition is also known to 
result in self-modulation of a single mode. Linear and 
nonlinear dynamics reveal the nature of the nonstationary 
behavior as well as properties specific to the gyro-BWO, such 
as the accessibility of high order axial modes and broadband 
frequency tunability with respect to the applied magnetic field. 
Even though the studies of gyro-BWO reveals the richness 
of physics, the tunability is still the focal p i n t  of the research 
works. The tunability of gym-BWO might be deteriorated by 
some factors, e.g. the nonstationary behaviors caused by the 
overdrive of the bean current [3], the transition between the 
gyromonotron and gyro-BWO operation regimes 151, and the 
reflection induced by the extemal circuits [6]. Among these 
causes, the effect of external reflection has never been well- 
studied. 
The gyrotron backward-wave oscillator is much more 
sensitive to external reflections, as compared to the 
gyromonomn, because it employs a non-resonant interaction 
structure, but no theoretical works were devoted on the topic. 
The external reflections may result in serious output power 
variations and ragged frequency tuning. There are some 
theoretical works studying the effects of the extemal reflections 
on gyrotron oscillators, but most of them specified a constant 
value of reflection coefficient on studying the problem within a 
spectrum of interest. These simplified models do not truly 
represent the correct reflection values in both time domain and 
frequency domain. The setting also limits researchers from 
diagnosing the field patterns and power distribution in the 
interaction section consisted of a uniform waveguide connected 
at both ends by a slightly tapered section to a Uniform 
waveguide with a larger radius. The beam-wave interaction 
mainly occm in the interaction section, which is immersed in 
a uniform magnetic field. The uniform waveguide centered 
the interaction section is 3 cm for the smooth tunability under 
single-mode operations of gym-BWO without reflections 
externally. The end tapers of the interaction section model the 
couplers, which is designed for broadband coupling in our 
earlier experiment. 
The extemal RF circuit (which is denoted as the extended 
section) is modeled by a long uniform waveguide with the 
same wall radius as that at the end of the interaction section. 
The iris is added in the external section for providing a 
reflected wave, which phase and amplitude are self- 
consistently determined by the location &,) and the size of 
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Fig. 1: The geomeI5cal profde of the gyroBWO with external 
The formal solution for a nonuniform waveguiding 
structure is normally in the form of eigen mode expansion. We 
may construct a single-mode solution by requiring that it be 
reducible to the known mode of a uniform waveguide and that 
it wnserves the energy, if conditions of operation favor a 
generation of a particular mode and the mode conversion is 
neglihle if the sfructural nonuniformity is sufficiently weak [7]. 
There are similar models about geometrically induced 
reflection for shldying the dynamic behavior of gymuon as 
reviewed by Ref. 8, but authors thought that these models are 
not practical for the reflections from distant components. In our 
model, the reflected wave can be self-consistently determined 
by jointing a linear circuit model and a nonlinear beam-wave 
interaction model without adding too much computing time 
even the length of the extended section is very long. 
RF circuits. 
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In the study, all dimensions are fixed (at values shown in 
the figures) except for the length of the extended section ( L , )  
and the size of the iris (AI) which will be variable. 
Effects of External Reflection on t he  Tunabili ty of  
Gyro-BWO 
The effect of external reflection on the operation of gyro- 
BWO was observed experimentally in 1995 [6 ] ,  and the 
reflection induced by the window Icm from the interaction 
region is attributed to the discreteness in hming. Previously 
theoretical analysis showed that the product of the reflection 
coefficient and delay time (the time reflected wave travels back 
to the intersection region) determine the stability and 
tunalibility of gymtron 191. But the defmition of “long-line” 
reflection is ambiguous, i.e. bow long is the reflection comes 
from could he said as a “long-line’’ reflection. 
Fig. 2 shows the frequency and output power of gyro- 
BWO versus lx,with lOdB reflection at beam voltage Vb=103 
kV, magnetic field Bz=14.52 kG, beam current Ib=5A and a=vI 
/v,=l.O, where v i  and v, are perpendicular and longitudinal 
velmity, respectively. The frequency and output power vary 
with a period (two times of the wave period) while the L, is 
increased, if L, is smaller than a critical length. The 
oscillatory period agrees with that of the phase of the reflection 
coefficient. While L ,  is greater than a critical length, the 
frequency jumping appears and the jumping level increases as 
Le ,  is increased. From Fig. 2, the “long-line” reflection could 
be defined as the reflection induced at the length such that the 
frequency jumping first appear for different reflection value. 
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Fig. 2 The wave frequency and output power of gym-BWO 
versus L, with lOdB reflection at beam voltage 
Vb=103 kV, Bz=14.52 kG, Ib=5A and a = 1. 
Fig. 3 and 4 shows the magnetic field tuning and voltage 
tuniOg at Vb= 103 kV @~14.52kG),  Ib=SA and a=l With 10 
dB reflection induced at L,,=5cm, 15~1x1, 25cm, and 35cm, 
respectively. The continuous tuning is still attainable at 
L,=5cm. As Lex, is increased to be Ucm, the discreteness of 
frequency tuning appears, and the external reflection causes the 
frequency jumping. The period of the discreteness increases 
with the L ,  because of the order of the axial mode for larger 
L, is higher than that for smaller L,- 
resonant system is totally different From those in the structures 
with reflections from both ends. In the non-classical resonant 
system, the resonant frequency is basically determined by the 
phase relation between the radiated bachard wave and the 
reflected wave and varies continuously with the geometrical 
parameters at smaller Le,? When L, is greater than a critical 
length, the resonant condition of the extended section 
dominates and deviates the gyroSW0 operation away from its 
normal condition, thus induces the discreteness of the 
frequency tuning for gyro-BWO. 
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Fig. 3: Magnetic field tuning at Vb= I03 kV, Ib=5A and 
a=l with IO dB reflection induced at Lxt=5cm, 15cm, ZScm, 
and 35cm, respectively. 
Fig. 4 Voltage tuning at Bz=14.52kG, Ib=SA and a=l 
with 10 dB reflection induced at L..,=Scm, 15- 25cm, and 
3 5 c q  respectively. 
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